Abstract: Harvestman communities inhabiting plots treated differently for grassland restoration were investigated at the Výzkum site near Malá Vrbka village (Bílé Karpaty Protected Landscape Area). Harvestman were sampled by pitfall trapping from 1999 to 2003 on plots sown with native haymeadow seed mixture, also on plots where narrow strips of regional seed mixtures were sown either within a matrix of commercial grass mixture or within vegetation cover in natural regeneration state and on plots in a natural regeneration state. Additionally, harvestman were collected in a field under permanent crop rotation and in a neighbouring xerothermic deciduous forest. In total, 5,086 individuals of harvestman representing 15 species from three families were obtained. Phalangium opilio was dominant (78%) and P. opilio, Rilaena triangularis and Zachaeus crista were the most frequent species. The results confirmed colonisation and subsequent development of harvestman communities on meadows in various state of restoration, including plots with spontaneous plant succession. Nevertheless, biotope character and successive formation of plant cover evidently influenced the structure of harvestman communities. The highest number of taxa (12) was recorded on plots with natural regeneration; the lowest one (9) was recorded in the field with permanent crop rotation. The highest values of diversity and equitability indices of harvestman communities were found in neighbouring forest habitats representing possible sources of harvestman migration.
Introduction
The opilionid fauna of the Bílé Karpaty Mts is relatively well investigated, mainly in its Slovakian range (Biele Karpaty Mts), where harvestman were studied at 26 sites (Astaloš, 2000; Bezděčka, 2000 Bezděčka, , 2001 . In the Moravian range (Bílé Karpaty Mts), harvestman have been investigated at 14 sites (Bezděčka, 1996 (Bezděčka, , 2000 (Bezděčka, , 2001 Klimeš, 1997 Klimeš, , 1999 Klimeš & Bezděčka, 1995; Klimeš & Roušar, 1998) . Based on these studies, a total of 19 species of harvestman have been recorded in the territory of the Biele Karpaty and Bílé Karpaty Mts; 17 species from Slovakia, 11 from Moravia, respectively.
During a research project focused on the restoration of species-rich meadows in arable land in the Bílé Karpaty Protected Landscape Area, an extensive collection of harvestman was obtained by pitfall trapping. The research was carried out on experimental plots established at the site Výzkum near the Malá Vrbka village. This study summarises faunistic and coenological data based on material sampled in the years 1999-2003.
Study sites
The site under study was situated in the southern part of the Bílé Karpaty Protected Landscape Area (Czech Republic), near the Výzkum hill, west of the Malá Vrbka village. The whole site has NE-E exposition, with a mean altitude of about 420 m a.s.l., coordinates 48
• 52 N and 17
• 26 E. The mean annual temperature of this region is 7-8
• C and the mean annual precipitation fluctuates between 700-900 mm. The soil is cambisol of heavy texture on flysch (pH/H2O = 7). The original vegetation of the region was formed by the Carpathian oak-hornbeam forests (Carici pilosaeCarpinetum) and herb-rich beech forests (Carici pilosaeFagetum). Recently, the meadow communities belong to the plant alliance Cirsio-Brachypodion pinnati.
The study site, formerly represented by species-rich meadows, was transformed to arable land in the 1970s and was set aside in autumn 1998. In spring 1999, the 16 established experimental plots (65 × 20 m each) were ploughed, harrowed, and subsequently subjected to four different types of restoration treatment (4 plots each): (1) sowing with native seed mixture; (2) sowing of a 5 m wide central strip with native seed mixture and lateral strips with commercial seed mixture; (3) sowing of a 5 m wide central strip with native 166 S. Stašiov et al. seed mixture and lateral strips left to natural regeneration (spontaneous succession); (4) abandoned, i.e. subject to natural regeneration. Detailed description and analysis of initial phases of vegetation development on individual restoration treatments has been carried out by JONGEPIEROVÁ & MITCHLEY (2006) . Furthermore, four plots (each approximately of the same area of 65 × 20 m) on the adjacent arable field under permanent crop rotation (wheat in 1999, sunflower in 2000, maize in 2001, wheat in 2002, and barley in 2003) (5) and four plots in the neighbouring xerothermic deciduous forest (6) were investigated as controls and potential sources for colonisation of restored meadow habitats, respectively. All experimental plots were mown to direct secondary succession towards a species-rich meadow characteristic of the Bílé Karpaty traditional land use. The experimental plots sown with regional seed mixture were mown once a year, usually in August after the fruiting of regional grasses and herbaceous plant species. The other subplots (sown with commercial seed mixture and plots with natural regeneration) were mown earlier, usually in June, to eliminate fruiting of weeds and commercial grasses and to suppress weeds development.
Methods
Harvestman were collected at all 24 plots by pitfall trapping. The traps (volume 1000 ml, diameter 10 cm, filled with killing-preserving water solution of formaldehyde and glycerol with some drops of detergent) were set at the centre of each study plot. Thus, every type of treatment (1-4), arable field (5) and neighbouring deciduous forest (6) were sampled by four traps. The traps were exposed from 16. XI.1999 to 29.XI.2003 , except the periods 10. VI.2000 .-20.VIII.2000 , 12.VIII.2001 -27.IX.2001 and 27.X.2001 -21.IV.2002 Harvestman were separated from the sampled material in laboratory under a dissection microscope and preserved in 70% ethanol. They were identified according to MARTENS (1978) and ŠILHAVÝ (1956 ŠILHAVÝ ( , 1971 . The harvestman material is deposited in the collection of the Department of Biology and General Ecology FEES in Banská Štiavnica.
Renkonen's similarity index (KMINIAK, 1982) , Shannon index of species diversity (H ) (SHANNON & WEAVER, 1949) , equitability index (E) (BEGON et al., 1997) , and cluster analysis (methods of complete linkage and Percent disagreement) (STATSOFT, Inc., 1999) were used for the evaluation of harvestman communities.
Results
In total, 5,086 individuals of harvestman represented by 15 species belonging to three families were sampled during the whole investigation period (Tab. 1). Only nine juvenile specimens were not identified and Opilio was identified only to genus level. Phalangium opilio was the most abundant species (3,978 trapped individuals). It represented 78% of the identified specimens. Total numbers of species and individuals trapped on the investigated study plots, in the arable field and for- Table 1 . Numbers of recorded harvestman species and the values of the Shannon index of diversity (H ) and index of equitability (E) of harvestman coenoses on meadows in the Bílé Karpaty Mts. Study sites: 1 -sowing with native seed mixture; 2 -sowing of a central strip with native seed mixture and the lateral strips with commercial seed mixtures; 3 -sowing of a central strip with native seed mixture and the lateral strips leaving to spontaneous succession; 4 -spontaneous succession (abandoned fields); 5 -fields under crop rotation; 6 -xerothermic deciduous forest. est, together with dominance (%) and similarity and equitability indices, are listed in Table 1 . Three species, Phalangium opilio, Rilaena triangularis, and Zachaeus crista, were recorded in all types of the biotopes studied. The lowest frequency of occurrence (one -two groups out of four plots) was found in Mitostoma chrysomelas, Mitopus morio and Leiobunum rotundum. The highest number of species (12) was found on abandoned plots with spontaneous plant succession, the lowest number (9 taxa in all) was recorded in the arable field. Nemastoma lugubre was present on all study plots, except for the arable field. In contrast, Leiobunum rotundum occurred only in arable field.
The highest values of species diversity and equitability indices were calculated for the community of harvestman inhabiting forest biotopes, the lowest ones were characteristic of abandoned plots with spontaneous development of vegetation cover. The values of Renkonen's index (Tab. 2) showed that the community structure of forest biotopes differed from the other treated plots and the arable field. The biggest differences were found between the deciduous forest (6) and plots sown with native seed mixture (1). Surprisingly, closely related harvestman communities were found living on plots sown with a strip of native seed mixture within a matrix of commercial grass mixture (2) and those inhabiting abandoned plots with natural regeneration (4).
Cluster analysis divided the study biotopes into two basic clusters (Fig. 1) . The first cluster involved plots in the deciduous forest (6) and the second cluster encompassed all other plots with closely related treatments (1) and (2).
Discussion
In addition to the harvestman species recorded during this study, three additional species were found earlier in the Moravian region of the Bílé Karpaty Mts: Platybunus bucephalus (C. L. Koch, 1835) (Klimeš, 1997) and Paranemastoma quadripunctatum (Perty, 1833) and Opilio saxatilis C. L. Koch, 1839 (Klimeš, 1999 (Astaloš, 2000) . Their occurrence in the Moravian part of the Bílé Karpaty Mts is highly possible, thus the harvestman fauna of the whole territory now comprises 21 species. Geographically, two species (Mitopus morio, Phalangium opilio) are holarctic, nine species (Lacinius ephippiatus, Lacinius horridus, Lophopilio palpinalis, Leiobunum rotundum, Mitostoma chrysomelas, Nemastoma lugubre, Oligolophus tridens, Rilaena triangularis, Trogulus nepaeformis agg.) are European, one species (Astrobunus laevipes) is C and SE European and two species (Egaenus convexus, Zachaeus crista) are known from the Pannonian plain. The western border of the area of distribution of Egaenus convexus and Zachaeus crista goes through E Moravia. These species, together with Astrobunus laevipes, belong to rare faunistic elements in the Czech Republic.
Although the harvestman material came from a relatively small area with low altitude range and relatively low variability of biotopes, the number of species recorded in this study was relatively high, representing 63% of the known harvestman fauna of Moravia (Bezďečka, 1996 (Bezďečka, , 2000 (Bezďečka, , 2001 Klimeš, 1997 Klimeš, , 1999 Klimeš & Bezděčka, 1995; Klimeš & Roušar, 1998) . Phalangium opilio, predominating in all studied biotopes and Lacinius horridus, represent characteristic members of the meadow and pasture harvestmancoenoses (Stašiov, 2004) .
Harvestman communities of xerothermic deciduous forests and their ecotones represented the group with the highest number of species (Rilaena triangularis, Zachaeus crista, Egaenus convexus, Astrobunus laevipes, Leiobunum rotundum). From these biotopes (deciduous forest and its margins), they also penetrated into the surrounding open habitats, including plots under restoration processes. Euryvalent harvestman were represented by the species Nemastoma lugubre, Mitostoma chrysomelas, Oligolophus tridens and Mitopus morio. All three species of the genus Opilio sp., known from Moravia, belong to synanthropic or hemisynan-thropic faunistic elements (Opilio saxatilis C. L. Koch, 1839) inhabiting diverse biotopes under anthropogenic impact. The presence of these harvestman species in the plots outside the synathropic habitats was probably enabled by the small distance (about 1 km) between the experimental plots and the nearby village.
Three species, Lacinius ephippiatus, Lophopilio palpinalis, Trogulus nepaeformis agg., prefer humid deciduous and mixed forest sites. In the Carpathian Mts they are generally characteristic of humid forest habitats (Stašiov, 2004) . However, Lophopilio palpinalis and Trogulus nepaeformis agg. are not as hygrophilous as Lacinius ephippiatus. Nevertheless, these three species represented about 7.3% of the total harvestman material examined in this study. Among them, Lophopilio palpinalis was the most numerous; it was the fourth most numerous species when considering the total number of trapped specimens. Hygrophilous species dominated on plots situated in xerothermic forest (94.7%). It is still not clear if our findings indicate a wider ecological potential of these species concerning their requirements to humidity, or their ability to find sufficiently wet microsites even in xerothermic habitats.
Surprisingly, low epigeic activity was recorded for the species Mitopus morio. Its low abundance suggests that the study sites did not offer optimal conditions for its population, and/or it was eliminated by another more successful species (e.g., Phalangium opilio).
On abandoned plots with natural regeneration of plant cover, the highest numbers of species were recorded but, in contrast, values of species diversity and equitability indices were the lowest of all the sites investigated. This fact was influenced by the high predominance of Phalangium opilio. Open sites probably offer the most suitable conditions for the development of populations of this species. In contrast, low activity and dominance of this species was recorded in the studied forest habitats.
Similarity analysis of the harvestman communities of the studied habitats, based on the Renkonen's index, separated the communities of forest biotopes (Tab. 2). Forest habitats differ from diverse open sites by specific microclimate, which is probably a key factor influencing the development and existence of harvestman communities. Similarly, cluster analysis separated the forest habitat (together with abandoned plots) from the other open habitats, including arable land. Significant differences between harvestman communities of forest and diverse open habitats have also been observed by other authors (Jarab & Kubovčík, 2002a, b; Klimeš & Špičáková, 1984) .
Comparison of harvestman communities of meadows with different variants of restoration (treated variants 1, 2, and 3) did not show remarkable differences. The number of trapped individuals increased from the plots sown with native haymeadow seed mixture (1) to the plots with narrow strips of regional seed mixtures sown within a matrix of commercial grass mixture (2) or plots in natural regeneration state (3), but both indices (diversity and equitability) decreased. These findings could also be influenced by increasing activity of Phalangium opilio from plot 1 to plots 2 and 3 (Tab. 1), as the species may prefer habitats with more diverse spatial structure of plant cover during the growing season. In fact, the plots with narrow strips of regional seed mixtures sown into plant cover in natural regeneration state were mown twice a year, i.e. separate and earlier mowing of lateral parts with spontaneous and usually scattered vegetation (early in June) and a later mowing (after the fruiting of regional grasses and herbaceous plants) of central strips (Jongepierová & Mitchley, 2006) . Separate mowing could support the spatial differentiation simulating ecotone effects in the restoring grasslands. Finally, the high activity of Phalangium opilio on plots with natural regeneration could also be connected with high mosaic heterogeneity of sparse vegetation cover.
The results showed that during the process of restoration of species-rich meadows the colonisation and subsequent development of harvestman communities was comparable in all variants of treatments, including plots with natural regeneration.
As the main aim of the research was to find a suitable and cost effective variant of restoration of species-rich meadows on former arable fields in the Bílé Karpaty Protected Landscape Area, the results dealing with harvestman fauna confirmed that the development of terrestrial invertebrates, such as harvestman, are comparable disregarding the variants of restoration practices. However, even the cost effective sowing of narrow strips offered sufficiently suitable conditions for successful development of harvestman communities.
